Breast milk is recognized and strongly recommended by the World Health Organization (WHO) as the optimal feeding for all babies. Breastfeeding is associated with better nutritional and non-nutritional outcomes when compared to formula feeding, and has proven health benefits to both infants and their mothers. This clinical research is to examine the feasibility and efficacy of Acupoint-Tuina therapy in treating postpartum women who underwent C-sections and suffered from insufficient milk production.
Introduction
Breast milk is recognized and strongly recommended by the World Health Organization (WHO) as the optimal feeding for all babies. [1] Breastfeeding is associated with better nutritional and non-nutritional outcomes when compared to formula feeding, and has proven health benefits to both infants and their mothers. [1, 2, 3, 4] However, lactation deficiency or inadequate milk production is an increasingly prevalent problem for nursing mothers worldwide. In addition to congenital insufficient glandular tissue, poor production of breast milk can occur in many other circumstances such as preterm labor, illness of the mother, improper mother-baby separation, re-lactation after a prolonged suspension, and indirect lactation. In addition, anxiety, fatigue, and emotional stress can also lead to insufficient milk production. Even without any obvious pathological causes, lactation deficiency can occur in a substantial number of women, especially within the first 15 days postpartum. In some cases, lactation deficiency can even span the entire breastfeeding period.
Conduction of caesarean sections (C-sections) is another major reason causing lactation deficiency. [5, 6] This is especially prevalent in China where the rate of C-section is the highest in the world at 46% as of 2008. [7] Postpartum women usually require additional medical care after a C-section compared with after a vaginal delivery, which could lead to a delayed onset of and a reduced amount of breast milk production. For example, it is known that medication administration in post-C-section women could interrupt the schedule of breastfeeding, which could potentially lead to decrease of breast milk production, or disorder of breastfeeding. [8] Many efforts have been made to attempt to increase breast milk production in women who suffers lactation deficiency. Babymother physical contact has been proposed, such as in skin-toskin holding. [9] In some cases, breast milk production can also be increased by psychological support and relaxation techniques. [10] In addition, chemical-based medicines, or so called galacta-gogues, have also been recommended and prescribed by many clinics. [11] For example, prolactin is such a hormone that stimulates milk production. [12] While the above psychology, behavior, and chemical-based management methods were able to increase the milk production for many women, they may be ineffective for other women due to unknown reasons. Even for the women for whom some of these methods are effective, the amount of increase may still be insufficient. Therefore, there is an unmet need to develop additional approaches to boost milk production.
Accupoint-Tuina is an ancient form of medical massage in Chinese medicine, with applied finger pressure to points that are putatively sensitized by organ impairment. [13] It has been applied to manage a large number of medical symptoms, and its effectiveness has been reported for different conditions such as pain, nausea and vomiting, and constipation. [14, 15, 16] Here we introduce Accupoint-Tuina as a new approach to increase milk production for postpartum women with inadequate milk production. In this study, we aimed to investigate if the Tuina protocol we developed can effectively promote the breast milk production in women who underwent C-sections and suffered from inadequate milk production.
Materials and methods

Subject description
Under the approval of the Tongji University Intuitional Review Board and the Hospital Ethics Committee, 80 women who had their babies delivered via C-sections and received the subsequent inpatient care from September 2012 to July 2013 at the Shanghai No. 10 People's Hospital, affiliated to Tongji University, were recruited for the study. The inclusion criteria are as follows:
1. first-time pregnancy carried to the full-term (36-40 weeks); 2. delivered through a C-section; 3. no major complications after the C-section; 4. milk production less than 1 ml per feeding/expression at 48 hours postpartum; 5. no abnormal breast development; 6. no known breast diseases; 7. no disorders of major organs (heart, brain, liver, kidney and lung); 8. did not take Clindamycin after delivery; 9. consent to pursue breastfeeding.
The exclusion criteria were:
1. difficult breastfeeding due to inverted or flat nipples; 2. choosing not to breastfeed due to other subjective or objective reasons; 3. multiple birth; and 4. breastfeeding prohibited due to Clindamycin injection within the past week.
This study was approved by the Hospital Ethics Committee and the University Intuitional Review Board. A written informed consent from each patient was obtained. Patients were immediately randomized in a 1:1 ratio to the following 2 groups when they were enrolled in the study at 48 hours postpartum: the control group receiving the standard medical care, and the experimental group (the Tuina group) receiving daily peri-mammary Acupoint-Tuina therapy for 2 days in addition to the standard medical care. Figure 1 shows a patient flow diagram for these 2 groups and more details are described in the following sections.
Acupoint-tuina therapy protocol
In addition to standard medical care, the patients in the Tuina group received the daily Tuina treatment for 2 consecutive days after they were randomized into the group at 48 hours postpartum. The Tuina massage was conducted 1 side at a time, taking 15 minutes for each side and yielding a total treatment time of 30 minutes per day. The Acupoint-Tuina therapy was conducted as follows:
1. Massage Sanyinjiao with the middle finger, rub Zusanli, and massage Xuehai with the thumb, for 1 minute each. Apply appropriate pressure such that the patient will experience pressure and fullness but not feeling painful; 2. Massage Jianjing for 20 strokes, and then massage anterior shoulder for 50 strokes, totaling 1 minute; 3. Press Tanzhong with the middle finger for 1 minute; 4. Use 1 palm to hold the breast from the lower outer direction, and use 4 fingers of the other hand to massage the base of the breast using a swirling motion towards the nipple. Do this for 5 minutes; 5. Press Yinchuang, Wuyi, and Qihu with the thumb finger for 2 minutes; 6. Press and push Rugen upwards with the middle finger, then span the palm from the bottom of the breast to roll and push the breast upwards, and from the outer breast to roll and push the breast inwards. Do this for 2 minutes; 7. Spread the fingers of both hands, rub and massage the whole breast in a combing motion along the mammary ducts from the base of the breast towards the nipple using alternating hands. Do this for 30 seconds; 8. Spread the fingers of 1 hand and hold the breast. Gently shake the breast for 30 seconds.
Acupoints have been previously defined and described. [17] The acupoints massaged in the Tuina protocol are listed and briefly described as follows:
Sanyinjiao (SP6): the tip of the internal malleolus, 3 inches above the tip of the medial edge of the tibia. Xuehai (SP10): 2 inches on the medial side of the fundus, at the medial muscle of the femoral bulge. thermal imaging system, ThermaCAM TM P30 (FLIR systems, Sweden), according to the manufacturer's protocol and measured by the microbolometer detector in the system. The result was analyzed by ThermaCAM Reporter2000 (FLIR systems, Sweden). The ambient environment was controlled at 25 o C with a humidity of 50% to 60%. The patients were asked to remain in a resting state for at least 30 minutes before the measurement, that is no milk expression, no ingestion of hot beverages, and no heavy movements. The surface temperature was measured with the patient in a supine position and arms by the sides. The thermal camera was positioned 1 m from the breast surface in a controlled imaging geometry. The temperature was assessed at 48 hours and 96 hours postpartum, and the average temperature of each breast was used for data comparison.
Measurement of breast volume.
The breast volume of each breast was measured using a special measuring caliper designed for breast volume measurement (Chinese pattern: ZL2012 20123439.X). Both the diameter (2 times the radius or 2r) and height (h) of the breast were measured and recorded, and the breast volume (V) was calculated by: V = 1/3pr 2 h, where p is the mathematical constant 3.14.
The breast volume was measured before lactation at 48 hours, 72 hours, and 96 hours postpartum.
Measurement of breast milk production.
During the period of the treatment (48-96 hours postpartum), each patient lactated using an electrical breast pump every 3 hours. The volume of expressed breast milk was measured and recorded. The total expressed milk volume in every 24-hour window was tallied and compared between the groups.
Serum prolactin level.
Blood samples of each patient were collected before and after treatment, and the levels of serum prolactin (PRL) were measured by the enzyme-linked immunosorbent assay (ELISA). The "before" measurement was conducted at 24 hours postpartum for all patients according to our clinical protocol. For the patients enrolled in this study, the "after" measurement was performed at 72 hours postpartum.
2.3.5. Measurement of uterus recovery after delivery. Uterus recovery was measured by the distance from the fundus of uterus to pubic symphysis at different postpartum time points using a soft tape measure. It was assessed at 48 hours, 72 hours and 96 hours postpartum.
Statistical analysis
All data except indicated otherwise were described as mean ± standard deviation. Mann-Whitney U test was used to compare 
Results
Patient characteristics
The basic characteristics of the 80 patients enrolled in the study were described in Table 1 comparing the 2 groups. There were no statistical differences between the 2 groups in age, weight, height, and gestation length.
Safety of tuina therapy
No complications were involved in the patients who received Tuina therapy during the 2-day period of treatment. There were no disorders of major organs such as heart, liver, kidney, and lung in any patient enrolled in this study.
Tuina therapy attenuated the breast temperature increase
As plotted in Figure 2 , average breast surface temperatures arose in both breasts from 48 to 96 hours postpartum for patients of both groups. However, when comparing the net temperature increase, it was smaller in the Tuina group, at about half the magnitude, than in the control group. As shown in Table 2 , the differences were statistically significant. This indicate that Tuina therapy attenuates the breast temperature increase at this time frame.
Tuina therapy boosted the breast volume increase
As plotted in Figure 3 , breast volumes increased with time in both breasts for patients of both groups. Comparing the net volume increase between any 2 consecutive time points for the 2 groups, the Tuina group had significantly higher increases than the control group. The data and statistical results are described in Table 3 . Figure 4 plots the total milk production during the first 48 hours postpartum, between 48 hours and 72 hours, and between 72 hours and 96 hours for each group. It is easy to note that, while the average milk production increased with time for both groups, the increases in milk production were much greater for the Tuina group than for the control group along these time points. As detailed in Table 4 , prior to intervention, the milk production in the first 48 hours postpartum was not statistically different between the 2 group; after the intervention, the milk production in the 2 subsequent days was significantly higher in the Tuina group compared with the control group. During the 24 hours following the intervention, the average milk production in the Tuina group was over 13-fold that of the control group. During the next 24 hours, the average milk production in the Tuina group was close to 10-fold that of the control group.
Tuina therapy increased breast milk production
Tuina therapy increased the serum PRL level
As shown in Figure 5 , from 24 hours postpartum to 72 hours postpartum, the average PRL level in the control group showed a slight decrease, while that in the Tuina group showed a slight increase. The net change was calculated for each patient by subtracting the PRL at 24 hours from the PRL at 72 hours. As described in Table 5 , there was a statistical difference between the control group and the Tuina group in the PRL level change between these 2 time points. . Tuina therapy increased milk production. Measured total milk production of the patient within each specified timeframe for the 2 groups. The mean value within the group is shown, with the standard deviation shown as the error bar.
Table 4
Breast milk production volume within each studied time frame for the 2 groups (x ± s, ml). 
Tuina therapy promoted post-delivery recovery of uterus
Using the distance from the fundus of uterus to pubic symphysis as a surrogate of post-delivery uterus recovery, as plotted in Figure 6 , both groups exhibited a continuous uterus recovery during the assessed timeframe; however, the Tuina group showed a greater recovery compared with the control group. Table 6 compares the distance decrease between any 2 consecutive time points between the 2 groups, and the differences were statistically significant.
Discussion
Acupoint-Tuina therapy, or Tuina therapy in short, is an ancient therapeutic measure first described in Chinese medical texts more than 2000 years ago [13] which has been and continues to be used to address many medical conditions. In addition to China, it is also actively practiced in many other Asian countries, such as Japan and South Korea. The basis of Tuina therapy is the belief in Chinese traditional medicine that stimulation at specific acupoints can lead to changes of inner physiology in the human body. In Tuina therapy, stimulations at acupoints through carefully-designed massage maneuvers can adjust and balance "Qi" (pronounced as "Chi") and "Xue" in the human body, hence promoting health and providing disease relief. In Chinese traditional medicine, "Qi" is an active principle part of the human body: the "life force" or "energy flow". Symptoms of various illnesses are believed to be resulted from the disrupted, blocked, or unbalanced "Qi" movement through the body's meridians, as well as deficiencies or imbalances of "Qi" in various organs. "Xue" is a dense form of body fluids that have been acted on and energized by "Qi", which goes beyond the definition of "blood" in Western medicines to include the additional medium that travels within the meridians.
In regards to the case of inadequate postpartum milk production, especially after a C-section, it is thought that it is caused by imbalance or disruption of the "Qi" and "Xue" in the mammary area, which then manifests as the suppression of the mammary glandular cell activities and the inhibition of milk production. In addition, the imbalance of "Qi" and "Xue" can also lead to the obstruction of mammary ductal and lobular systems, which is also responsible for the reduced milk secretion. Therefore, our Tuina therapy protocol was designed to follow the "Qi" and "Xue" network of the human body and stimulate the key acupoints that control the mammary gland functions as well as the central balance of the entire body. The rebalance of the "Qi" and "Xue" is a prerequisite for the improved mammary gland functions. For example, pressing and massaging the "Sanyinjiao", "Zusanli" and "Xuehai" acupoints can effectively reinforce the normal functions of "Pi" and "Wei", 2 essential organs in the 5-organ network Oriental medicines are based on, which in turn stimulates the balance of "Qi" and "Xue" in the whole body. In addition, our Tuina protocol also specifically massage the breast tissue in order to activate the "Qi" and "Xue" running in the mammary area. We hypothesize that the combination of rebalancing the central "Qi" and "Xue" system and adjusting the localized mammary system through the Tuina therapy can lead to an efficient stimulation on milk production and secretion.
In our randomized prospective study, the efficacy of Acupoint-Tuina therapy for promoting milk production was examined and demonstrated in several different aspects. Comparing the 2 groups, a substantial relative increase of milk production was observed for the Tuina group than for the control group. In addition, statistical differences were also identified between the 2 groups on other indicators of the physiological condition of breast during lactation. For example, the breast surface temperature has been previously reported to increase slightly during lactation. [18, 19] At the same time, it is also known that an excessive increase of temperature suggests abnormality such as inflammation and is associated with lactation inhibition. [20, 21] Using an accurate and sensitive thermal imaging approach, our study found that the surface temperature increase was attenuated in the Tuina group for both breasts when comparing with the Table 5 Serum PRL levels at the 2 measured time points as well as the net change between the time points for the 2 groups (x ± s, ng/ml). indicates a statistical significance with P .05 between the 2 groups. Figure 6 . Tuina therapy promoted post-delivery uterus recovery. Measured distance from the fundus of uterus to pubic symphysis at different time points for patients of the 2 groups. The mean value within the group is shown, with the standard deviation shown as the error bar. Net uterus-fundus-to-pubic-symphysis distance decrease between any 2 consecutive time points for patients of the 2 groups (x ± s cm). Similarly, breast volumes are known to increase for lactating women and the amount of healthy expansion (not swelling) could associate with the volume of milk production. [22, 23] Our study showed that Tuina therapy significantly boosted the enlargement of the full breasts (i.e., before lactation) when compared with the control groups, which suggests that Tuina therapy may promote mammary tissue development for lactating women and therefore stimulating lactation. Another objective endpoint assessed in our study was the serum PRL level. PRL is a major hormone that controls the underlying physiology of lactation. [12, 24, 25] Tuina therapy was also found to increase the serum PRL level compared with the control group. Lastly, it has been reported that postpartum uterus recovery is associated with lactation. [26] In our series, patients in the Tuina group also showed faster and greater uterus recovery compared with the control group. Taken together, the increased milk production and other physiological indicators all unequivocally pointed to the effectiveness of Tuina therapy in promoting lactation for the studied patient group. Despite the widely recognized health benefits of breastfeeding to both infants and mothers, there exist many voluntary and involuntary hurdles for the breastfeeding practices. Inadequate milk supply of the mother is 1 major hurdle and a prevalent but unsolved problem in the modern medicine. [27, 28, 29] To date, there is no clear answer to how to address this problem, although many different methods have been proposed and shown effective. In this randomized study, a new approach, Acupoint-Tuina therapy, has been evaluated and shown to enhance milk production during the early postpartum period for women with an inadequate milk supply post C-section. While the exact mechanism of this new approach remains unclear except for the explanations provided in the traditional Oriental medicines about "Qi" and "Xue", some similarities are shared with other existing approaches such as the "skin-to-skin" contact and herbal or pharmaceutical galactagogues. For example, these approaches may all act via mediating complex processes involving the interaction between physical and physiological factors. Among the most important factors are hormones, which could be dysregulated after a surgery such as a C-section. Among all hormones, PRL, induced throughout the pregnancy and delivery, is considered the most important one for lactation. [24] Other existing approaches often act by stimulating this important hormone. [11, 30, 31] Interestingly, in our study Tuina therapy also significantly increased the PRL levels, while the PRL levels actually decreased over time for women who merely received the standard care. This provided a very interesting link between Tuina, a traditional therapy approach, and the modern medicine. With the promising results of the current preliminary study, it would be an interesting future direction to test combination therapies using Tuina therapy and other modern medicine approaches such as galactagogues, and see if there are synergistic effects between Tuina therapy and the modern medicine to further increase breast milk production.
There are some limitations to our study. For example, the therapy was only conducted for 2 days and the endpoints were also only evaluated in the early postpartum period because this study was designed to conveniently conduct the experiment and rigorously assess the effects in the inpatient setting during this temporal window. Therefore, the effects of Tuina therapy at later time points were not evaluated. Similarly, whether the observed enhancement of milk production for women receiving Tuina therapy is a true net increase over the control group or just an earlier onset of normal milk production levels cannot be assessed. Many studies have shown that C-section is associated with a delayed initiation of breastfeeding and many women can later catch up to have normal breastfeeding over time. [32] Therefore it is possible that the substantially increased milk production following Tuina therapy identified in our study is actually just the effects of expediting the breastfeeding initiation for these women, and some women in the control group could eventually catch up with the milk production of the Tuina group. A future study with a longer follow-up duration could be designed to answer this question. On the other hand, even if Tuina therapy has only an effect of expediting the initiation instead of a net increase of lactation, it is still clinically meaningful as C-section has been known as a persistent barrier to early initiation of breastfeeding, [32] and delayed breastfeeding initiation increases risks of neonatal mortality and morbidity as well as increasing the likelihood of quitting breastfeeding by the mother. [33, 34, 35, 36, 37] Assessing the long term effect of Tuina therapy on breast milk production will be important, and is warranted based on the important results found in our initial study and assessments during the early postpartum period. In addition, because of the nature of the therapy, the women participated in the study could not be blinded from the randomization results, a placebo effect therefore cannot be ruled out. Nevertheless, the milk production increase observed for the Tuina group in our study demonstrated the great promise of this new approach in helping women with lactation deficiency. Since the stimulation to the acupoints is applied through massage techniques, it is also noninvasive and safe to conduct. Tuina therapy has had a long standing in Asian countries where the traditional oriental medicines are practiced. The encouraging results from our study could be especially helpful for the women in these countries given the very high rates of C-sections in some of these countries.
Conclusions
The feasibility and efficacy of applying Acupoint-Tuina therapy to postpartum women with C-section delivery and insufficient breast milk production have been tested in a prospective, randomized study. During the early postpartum days, Tuina therapy increases the milk production and promotes other physiological changes supporting lactation. The novel intervention is warranted for further investigation and validation. 
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